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A METHOD AND SYSTEM FOR TRANSMITTING DATA BETWEEN A BASE 
TRANSCEIVER STATION AND A SUBSCRIBER UNIT 

Field of the Invention 

The invention relates generally to wireless communications. More particularly, 
the invention relates to transmitting between a base transceiver station having multiple 
antennas and subscriber units. 

Background of the Invention 

Wireless communication systems commonly include information carrying 
modulated carrier signals that are wirelessly transmitted from a transmission source (for 
example, a base transceiver station) to one or more subscribers (for example, subscriber 
units) within an area or region. 

Spatial multiplexing 

Spatial multiplexing is a transmission technology that exploits multiple antennae 
at both the base transceiver station and at the subscriber units to increase the bit rate in a 
wireless radio link with no additional power or bandwidth consumption. Under certain 
conditions, spatial multiplexing offers a linear increase in spectrum efficiency with the 
number of anteimae. The substreams occupy the same channel of a multiple access 
protocol, the same time slot in a time-division multiple access protocol, the same 
frequency slot in frequency-division multiple access protocol, the same code sequence in 
code-division multiple access protocol or the same spatial target location in space- 
division multiple access protocol. The substreams are applied separately to the transmit 



1 



P132US1 




antennae and transmitted through a radio channel. Due to the presence of various 
scattering objects in the environment, each signal experiences multipath propagation. 

The composite signals resulting from the transmission are finally captured by an 
array of receiving antennae with random phase and amphtudes. At the subscriber array, a 
spatial signature of each of the received signals is estimated. Based on the spatial 
signatures, a signal processing technique is applied to separate the signals, recovering the 
original substreams. 

Figure 1 shows three transmitter antenna arrays 110, 120, 130. The transmitter 
antenna arrays 1 10, 120, 130 transmit data symbols to a subscriber antenna array 140. 
Each transmitter antenna array includes spatially separate antennae or cross polarization 
configuration, A subscriber connected to the subscriber antenna array 140 separates the 
received signals. 

Figure 2 shows modulated carrier signals traveling from a transmitter 210 to a 
subscriber 220 following many different (multiple) transmission paths. 

Multipath can include a composition of a primary signal plus duplicate or echoed 
images caused by reflections of signals off objects between the transmitter and 
subscriber. The subscriber may receive the primary signal sent by the transmitter, but 
also receives secondary signals that are reflected off objects located in the signal path. 
The reflected signals arrive at the subscriber later than the primary signal. Due to this 
misalignment, the multipath signals can cause intersymbol interference or distortion of 
the received signal. 
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The actual received signal can include a combination of a primary signal and 
several reflected signals. Because the distance traveled by the original signal is shorter 
than the reflected signals, the signals are received at different times. The time difference 
between the first received and the last received signal is called the delay spread and can 
be as great as several microseconds. 

The multiple paths traveled by the modulated carrier signal typically result in 
fading of the modulated carrier signal. Fading causes the modulated carrier signal to 
attenuate in amplitude when multiple paths cancel. 

Communication Diversity 

Antenna diversity is a technique used in multiple antenna-based communication 
system to reduce the effects of multi-path fading. Antenna diversity can be obtained by 
providing a transmitter and/or a subscriber with two or more antennae. These multiple 
antennae imply multiple chaimels that suffer from fading in a statistically independent 
manner. Therefore, when one channel is fading due to the destructive effects of multi- 
path interference, another of the channels is unlikely to be suffering from fading 
simultaneously. By virtue of the redundancy provided by these independent channels, a 
subscriber can often reduce the detrimental effects of fading. 

In order to implement the spatial multiplexing/commimication diversity 
technology, multiple antennae within a group have to be separated by a small distance, 
which could be as small as half the radio wavelength if they are located at the subscriber 
unit, or several wavelengths, if they are at the base station. Depending on the frequency 
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band used by the wireless network, the wavelength is about one-eighth of a meter. As a 
result, multiple antennae cannot be used in palm-sized devices due to size constraints. 

It is desirable to have a method and system that provides receive diversity without 
having to use spatially separate antennae. It is desirable that the method and system be 
simple, cost effective and capable of being easily adapted to existing technology. The 
present invention addresses such a need. 
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Summary of the Invention 

The invention includes a method and system for wirelessly transmitting data 
between a base transceiver station and a subscriber unit. The method and system 
implements a multiple polarization scheme at the subscriber unit in order to achieve 
receive diversity. This provides an extra factor in channel capacity relative to 
conventional implementations. 

A first embodiment of the invention comprises a method for wirelessly 
transmitting data between a base transceiver station and a subscriber unit, the base 

CI 

transceiver station comprising a plurality of transmit antennae. The method comprises 

i 

"^^J generating control signals to configure the base transceiver station to transmit selected 

W 

=i= data streams to a corresponding subscriber unit on an assigned channel of a multiple 

access protocol, transmitting in response to the control signals and in a spatially separate 
|i fashion, the selected data streams on the assigned channel of the multiple access protocol 

Lfl and utilizing co-located electric dipole and magnetic dipole antennae at the subscriber 

ci 

hi unit to receive the selected data streams. 

A second embodiment of the present invention comprises a method for wirelessly 
receiving data at a base transceiver station from a subscriber unit, the base transceiver 
station comprising a plurality of antennae. The method comprises utilizing co-located 
electric dipole antennae at the subscriber unit to transmit selected data streams on an 
assigned channel of a multiple access protocol, generating control signals to configure the 
base transceiver station to receive the selected data streams from the subscriber imit on 
the assigned channel of a multiple access protocol and receiving in response to the 
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control signals the selected data streams on the assigned channel of the multiple access 
protocol. 

A third embodiment of the invention comprises a system for wirelessly 
transmitting data between a base transceiver station and a subscriber unit, the base 
transceiver station comprising a plurality of transmit antennae. The system comprises 
means for generating control signals to configure the base transceiver station to transmit 
selected data streams to a corresponding subscriber unit on an assigned channel of a 
multiple access protocol, means for transmitting in response to the control signals and in 
a spatially separate fashion, the selected data streams on the assigned channel of the 
multiple access protocol and means for utilizing co-located electric dipole and magnetic 
dipole antennae at the subscriber unit to receive the selected data streams. 

A fourth embodiment of the present invention is a system for wirelessly receiving 
data at a base transceiver station from a subscriber unit, the base transceiver station 
comprising a plurality of antennae. The system comprises means for utilizing co-located 
electric dipole antennae at the subscriber unit to transmit selected data streams on an 
assigned channel of a multiple access protocol, means for generating control signals to 
configure the base transceiver station to receive the selected data streams from the 
subscriber unit on the assigned channel of a multiple access protocol and means for 
receiving in response to the control signals the selected data streams on the assigned 
channel of the multiple access protocol. 

Other aspects and advantages of the present invention will become apparent from 
the following detailed description, taken in conjunction with the accompanying drawings, 
illustrating by way of example the principles of the invention. 
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Brief Description of the Drawings 

Figure 1 shows a prior art wireless system that includes spatially separate 
transmitters. 

Figure 2 shows a prior art wireless system that includes multiple paths from a 
system transmitter to a system subscriber. 

Figure 3 shows a high-level flowchart of the method in accordance with the 
present invention. 

Figure 4 is an illustration of how the presence of a single reflecting surface allows 
for the use of three channels of electric-field polarization in a wireless communication 
environment. 

Figure 5 is an illustration of a simple geometry that shows why rank (H) = 6 in 
scattering environments. 

Figure 6 is an illustration of three electric dipole antennae in the x, y, and z 
directions as well as three magnetic dipole antennae in the x, y, z direction. 



Figure 7 shows a wireless system in accordance with the present invention. 
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Figure 8 is a high-level flowchart of an alternative embodiment of the method 
accordance with the present invention. 



8 



P132US1 




Detailed Description 

The present invention relates to a method and system for wirelessly transmitting 
data between a base transceiver station and a subscriber unit. The following description 
is presented to enable one of ordinary skill in the art to make and use the invention and is 
provided in the context of a patent application and its requirements. Various 
modifications to the preferred embodiment and the generic principles and features 
described herein will be readily apparent to those skilled in the art. Thus, the present 
invention is not intended to be limited to the embodiment shown but is to be accorded the 
widest scope consistent with the principles and features described herein. 

As shown in the drawings for purposes of illustration, the invention is embodied 
in a method and system for wirelessly transmitting data between a base transceiver 
station and a subscriber unit. The method and system implements a multiple polarization 
scheme at the subscriber unit in order to achieve receive diversity, hi a scattering 
environment, this provides an extra factor in channel capacity relative to conventional 
single antenna or dual polarized antennae at the subscriber unit. The extra capacity arises 
because there are six distinguishable electric and magnetic states of polarization at a 
given point, rather than two as is usually assumed. 

For a further understanding of the present invention please refer to Figure 3. 
Figure 3 is a high-level flowchart of method in accordance with the present invention. 
First, control signals are generated to configure the base transceiver station to transmit 
selected data streams to a corresponding subscriber unit on an assigned channel of a 
multiple access protocol, via step 310. Next, the selected data streams are transmitted in 
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response to the control signals on the assigned channel of the multiple access protocol, 
via step 320. Preferably, a spatial multiplexing technology is implemented to transmit 
the data streams. Further information about the type of spatial multiplexing technology 
preferably implemented is set forth in U.S. Patent No. 6,067,290 issued May 23, 2000 
entitled "SPATIAL MULTIPLEXING IN A CELLULAR NETWORK", which is 
incorporated herein by this reference. Finally, co-located electric dipole and magnetic 
dipole antennae are utilized at the subscriber unit to receive the selected data streams, via 
step 330. Preferably, the electric dipole and magnetic dipole antennae create a multiple 
polarization scheme at the subscriber unit in order to achieve receive diversity. 

As previously mentioned, in a scattering environment, the multiple polarization 
scheme provides an extra factor in channel capacity relative to conventional dual 
polarized radio signals. This situation arises because in free space, radiated electric and 
magnetic fields are constrained to be perpendicular to one another and to the direction of 
propagation. Thus, once the direction of propagation is fixed, only two degrees of 
freedom remain which are typically referred to as either horizontal or vertical (linear) 
polarizations. In the presence of a reflecting surface, however, multiple paths are 
possible between two points. Although the wave propagating along the direct path 
cannot have an electric field component parallel to that path, the wave propagating along 
the reflected path can contribute such a component to the field at the subscriber unit (it is 
effectively a longitudinal component with respect to the line-of-sight). Accordingly, the 
presence of a single reflecting surface allows for the use of three channels of electric-field 
polarization for wireless communication since the electromagnetic polarization is no 
longer constrained to be perpendicular to the line-of-sight. 
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To better understand this concept, please refer to Figure 4. Figure 4 is an 
illustration of how the presence of a single reflecting surface allows for the use of three 
channels of electric-field polarization in a wireless commimication environment. In the 
two-dimensional plane of Figure 4, orthogonal current dipoles at the transmitter, I and I' 
control two degrees of electric field fireedom at the receiver (subscriber unit), Eo and E2. 
The direction perpendicular to the plane contributes a third degree of freedom (Eo, Ei,E2 
are transverse fields on the three paths shown). Normally, due to transverse propagation 
of electromagnetic waves, there would be no longitudinal electric field component at the 
receiver (subscriber unit). Thus, as is shown, without the mirror the current dipole 
labeled I would not produce electric fields at the receiver (subscriber unit). However, the 
altemative propagation path shown causes the component E2 to appear at the receiver 
(subscriber unit), which has non-zero longitudinal projection when referred to the non- 
reflected path. 

The multiple transmitter antennae and multiple polarization antennae scheme at 
the subscriber unit allow the wireless communication system to include spatial 
multiplexing and communication diversity while achieving receive diversity. As 
described earlier, spatial multiplexing and communication diversity can improve the 
capacity of the communication system and reduce the effects of fading and multi-path 
resulting in increased capacity. 

Radio Frequency (RF) signals are coupled between the transmitter antennae and 
the subscriber unit antennae. The RF signals are modulated with data streams. The 
signals transmitted from the transmitter antennae can be formed from different data 
streams (spatial multiplexing) or from one data stream (transmit diversity) or both. 
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Assuming a transmission channel having a flat frequency response (no significant 
multipath delay spread), the input-output relationship of the transmission channel 
between the transmitter and the subscriber unit of a general wireless system can be 
represented by H where // is a 6 x 6 matrix relating the electric (E) and magnetic (B) 
fields measured at a point r, owing to idealized oscillating electric (p) and magnetic (m) 
dipole moments, produced by transmitting antennae at point r': 



(1) 



E(r) 
cB(r) 



-//(k,r-r') 



cp 



where in free space and in the far- field, // is given by a compact version of the standard 
formulas that describe the fields radiated by oscillating electric and magnetic dipoles (in 
SI units): 



(2) //o(k,r) = ]^ \j\r) J{r)^ 

eoc 47ik.r — J(f) /(f) 



Here k is the wave vector (|k| = co/c'= 2n/X) and 1/ ^o^^ » 377Q is the impedance of free 

space (c is the speed of light). J{r) is a 3 x 3 matrix given by Jy(r) = Ske^ikji*k defined so 
that y(r)p = r X p (with r = r/|r|). 

The communication channel associated with equation (1) includes additive noise 
measured by the subscriber unit. For simplicity, it is assimied that its components are 
uncorrelated gaussian white noise with equal variance, and that communication takes 
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place over a sufficiently narrow bandwidth that //has negligible fi-equency dependence 
('flat fading'). 

For a time-independent H, the rate at which information can be transferred 
between an A^- antennae transmitter/subscriber unit pair (A''= 6 in equations (1) and (2) 
above) is characterized by the quantity: 

(3) M{H) = log2det [/ + {p/n)HH^] 

where M{H), in bits per second per hertz, is the mutual information between the 
transmitter and subscriber unit when the transmitted signals are uncorrected white 
gaussian stochastic processes with equal power. Both total power and signal-to-noise 
ratio are denoted by the same symbol p. The significance of M(^ is that for a 
fluctuating H, imder appropriate conditions, the capacity C of the channel is given by the 
expectation of M(/7) taken over the probability distribution of H. The conditions are that 
H is known by the subscriber unit but not by the transmitter (as would be the case if 
transmitted pilot signals help the subscriber unit calculate H). If the chaimel is known to 
the transmitter, the capacity will be higher and is given by the "water filling" solution 
where power is unevenly divided among transmitting antennae. 

The capacity depends on the rank of H. It follows by inspection that a large 
signal-to-noise ratio p, M(H) ( and therefore Q tends to the value m log2/?, where m = 
rank (H). The large p limit is taken for fixed H. It is easy to verify that the rank of Ho 
(see equation (2)) is two, which corresponds to the notion of there being only two 
polarization degrees of fi-eedom in free space. The number of polarization channels is 
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now formally defined as rank {H). It is accordingly summarized that it is possible to have 
rank {H) = 6 in an environment with scattering, with a concomitant increase in the 
capacity of the wireless communication channel. It should be noted that six independent 
signals have to be transmitted in order to take advantage of this increased capacity. 

For a better understanding please refer to Figure 5. Figure 5 is an illustration of a 
simple geometry that shows why rank (//) = 6 in scattering environments. Figure 5 
shows two perfectly conducting planes 500, 510 at right angles to each other. The matrix 
//(equation (1)) in this environment may be computed by summing over free- space 
contributions like Ho (equation (2)) corresponding to the actual transmitter and its images 
in the two mirrors (two single and one double reflection). The eigenvalues of HH^ are 
plotted for the transmitter and subscriber unit with data obtained by simulating the 
subscriber unit 530 at a variable distance fi'om the transmitter 520 along the line indicated 
by the inset. It should be noted that all six eigenvalues are non-zero and hence rank (H) = 
6, signifying a threefold increase in capacity over what would be possible in fi-ee space. 
For a further understanding, see "Tripling the capacity of wireless communications using 
elecromagnetic polarization" by M.R. Andrews, P.P. Mitra and R. deCarvalho, Nature, 
vol. 409, 18 Jan. 2001, pp. 316-318. 

Apart from increasing the number of degrees of freedom in wireless 
electromagnetic conununications, the existence of six independent channels as indicated 
by the full rank ofH also implies improved fading performance of a subscriber unit 
sensitive to polarization degrees of fi:'eedom. As the environment fluctuates, or as the 
subscriber unit moves through space, the measured electric and magnetic fields also 
fluctuate. For an antenna sensitive to just a single field component the amplitude can 
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occasionally come close to zero (fading); however, it is quite unlikely that all six vector 
components v^ill vanish simultaneously. Thus by taking full advantage of the receive 
diversity that is offered by this type of polarization the fading can be greatly ameliorated. 

In order to accommodate this phenomenon and achieve receive diversity, a co- 
located set of antennae are utilized at the subscriber unit. This set of antennae preferably 
comprises three electric dipole antennae in the x, y, and z directions as well as three 
magnetic dipole antennae in the x, y, z direction. Please refer to Figure 6 for an 
illustration of three electric dipole antennae 610 in the x, y, and z directions as well as 
three magnetic dipole antennae 620 in the x, y, z direction. Accordingly, the electric 
dipole antennae (three different polarizations) and the magnetic dipole antennae (three 
different polarizations) are combined at the subscriber unit thereby giving 6 orders of 
receive diversity with a single co-located set of antennae. By using this single co-located 
set of antennae at the subscriber unit, receive diversity can be achieved without having to 
rely upon spatial separation of the antennae. Consequently, receive diversity can be 
achieved in palm-sized devices (mobile phones, pagers, etc.) where the spatial separation 
of the receive antennae is restricted due to the size of the device. 

For a more detailed illustration, please refer now to Figure 7. Figure 7 shows a 
wireless system in accordance with the present invention. The system includes at least 
one base transceiver station 710 wherein the base transceiver station comprises at least 
two spatially separate transmit antennae 720, 730. Data streams are transmitted via a 
scattering channel 740 to a single set of co-located electric and magnetic dipole antennae 
750 at the subscriber unit 760. The amount of receive diversity available in the channel 
will determine the number of transmit antennae to use. 
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It should be noted that although the above-described invention is described in 
terms of the subscriber unit achieving receive diversity through the utilization of a 
multiple polarization scheme to receive data, one of ordinary skill in the art will readily 
recognize that the multiple polarization scheme can also be utilized to transmit data to the 
base transceiver station while remaining within the spirit and scope of the present 
invention. 

For an example of such an implementation, please refer to Figure 8. Figure 8 is a 
high-level flowchart of an alternative embodiment of the method in accordance with the 
present invention. First, co-located electric dipole are utilized at the subscriber unit to 
transmit selected data streams on an assigned channel of a multiple access protocol, via 
step 810. Next, control signals are generated to configure the base transceiver station to 
receive the selected data streams from the subscriber unit on the assigned channel of a 
multiple access protocol, via step 820. Finally, the selected data streams are received in 
response to the control signals on the assigned channel of the multiple access protocol, 
via step 830. 

The above-described method and system in accordance with the present invention 
implements a multiple polarization scheme at the subscriber unit in order to achieve 
receive diversity, hi a scattering environment, this provides an extra factor in channel 
capacity relative to conventional dual polarized radio signals. The extra capacity arises 
because there are six distinguishable electric and magnetic states of polarization at a 
given point, rather than two as is usually assumed. Furthermore, through the use of a 
single set of co-located antennae at the subscriber unit, the method and system allow 
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devices where the spatial separation of the receive antennae is restricted (i.e. palm-sized 
devices) to achieve receive diversity. 

Although the present invention has been described in accordance with the 
embodiments shown, one of ordinary skill in the art will readily recognize that there 
could be variations to the embodiments and those variations would be within the spirit 
and scope of the present invention. Accordingly, many modifications may be made by 
one of ordinary skill in the art without departing from the spirit and scope of appended 
claims. 



17 



